The interaction of ,3-D-galactosidase with its specific antibody does not lead to any significant change in enzymatic activity regardless of whether or not immune precipitation occurs.1 Cowie et al.2 found that ribosome-bound 13-D-galactosidase differed from soluble enzyme in that an increase in enzymatic activity occurred in the presence of anti-3-D-galactosidase serum. This was ascribed to the formation of new centers of fl-D-galactosidase activity on the ribosomes.3
the formation of new centers of fl-D-galactosidase activity on the ribosomes.3
We were interested in these observations for their potential use in a system to detect antibodies because the appearance of enzymatic activity would be a signal with inherent amplification capabilities.
The antibody activation of ribosomal enzyme in the wild-type Escherichia coli was not readily amenable to our purposes because the average gain in activity was only threefold. We conducted a search for larger activations by screening a series of point mutants known to be defective in the z gene. Out of 47 tested, 2 were found.
A biochemical characterization of an enzyme precursor found in the extract of one of these two mutants is presented below. This precursor is referred to as AMEF (antibody-mediated enzyme-forming substance).
Materials and Methods.-(a) Purification of (3-D-galactosidase (3-D-galactoside galactohydrolase E.C. 3.2.1.23): Cells of K12 3300, grown in a 500-liter batch, were used to prepare purified O-D-galactosidase according to Craven et al. 4 The specific activity of our enzyme was comparable to that of a sample (a gift of Dr. Steers) estimated to be homogenous by several criteria. 4 The enzyme was stored in a refrigerator under a 40% saturated solution of ammonium sulfate in buffer B. Buffer B, which was used throughout this work, contained 0.01 M tris(hydroxymethyl)aminomethane acetate, 0.01 M MgC12, 0.1 M NaCl, and 0.05 M 2-mercaptoethanol. The complete buffer was prepared daily by adding mercaptoethanol to the salts solution; its pH was 7.05 (230) .
(b) Anti-,#-D-galactosidase serum: Each of eight rabbits was injected subcutaneously in the scapular region with 25 mg of purified enzyme emulsified in 2 ml of Difco incomplete Freund's adjuvant. A similar injection of 15 mg of antigen was given after 85 days. Twenty-two days later, the animals were bled by heart puncture, and their sera were assayed for precipitins, pooled, and quick-frozen in 1-ml aliquots. Induction of AMEF: The biosynthesis of AMEF was induced specifically by the same compounds known to induce ,B-D-galactosidase biosynthesis (Table 2 ).
In the presence of 10-3 M IPTG, the cells synthesized AMEF at a differential rate of 40-100 enzyme units per 0.1 unit of increase in optical density (650 my) of the culture. The rate remained constant after an initial lag, which was found to be variable from experiment to experiment. molecular weight of A1\EF calculated7 from the average sedimentation data of three experiments was 495,000.
Estimations of the molecular weight of AMEF by the Sephadex filtration method,1 using blue dextran, normal fl-D-galactosidase, beef catalase, and bacterial alkaline phosphatase as reference standards, indicated that it was above 400,000. Quantitative aspects of the AMEF reaction with antibody: The results of experiments in which the f3-D-galactosidase activity formed after a given amount of AMEF was mixed with increasing concentrations of antibody are illustrated in Figure 2 . The data shows: (a) In the antigen-excess zone, that is, where more than 95 per cent of the resulting enzymatic activity was in soluble form, the activation was proportional to the antibody concentration. This indicated that the formation of enzymatic activity was independent of the immune precipitation of the reactants. (b) At both the equivalence-and antibody-excess zones, the activity reached a maximum, and more than 99 per cent of it was found in the precipitate.
Relationship between AMEF and native enzymatic activity: All extracts of W6101 had some O-D-galactosidase activity in the absence of antibody. In contrast to AMEF, this native activity decreased rapidly during the purification procedure for AMEF and even during storage at 4°. To study the kinetics of inactivation, the preparations were incubated at 370 for a few minutes. In a series of experiments, a preparation of AMEF was incubated at 370; samples were taken at intervals and assayed for native f3-D-galactosidase; and their activation in the presence of antibody was followed kinetically. The results of one of these experiments are shown in Figure 3 . The native enzymatic activity decreased exponentially in the first 30 minutes with a half life of 6 minutes, whereas the AMEF activity measured after treatment with antiserum remained comparable to that of the zero-time sample. The exponential decrease in native enzymatic activity at 370 began to level off after 30 minutes, approaching constant values. At these levels, addition of antiserum to the preparation resulted in about a 200-fold increase in enzymatic activity. Some preparations exhibited increases up to 550-fold when the native enzyme was inactivated at lower pH in the presence of 5 per cent bovine albumin.
The results of assays of AMEF-antibody mixtures at the single molecule level 665 lolls by the fluorogenic method indicated that preparations of AMIEF were composed of at least two types of enzymatically active molecules, one more stable during the assay than the other. Neither of these was identical to the molecular species of enzyme present in ,3-D-galactosidase preparations from normal bacteria. Discussion.-The aim of this research was to find a system in which a specific antibody reaction could result in a substantial gain of enzymatic activity. We were able to obtain cell-free preparations of E. coli that exhibited a 550-fold stimulation of 3-D-galactosidase activity in the presence of specific antiserum.
In the systems previously described,2' 3, 14-16 the enzyme activation in the presence of antibody was comparatively low. Of these systems, the most responsive is that found by Pollock. 15 He reported that the penicillinase activity of a mutant of Bacillus licheniformis was enhanced 70-fold by antipenicillinase serum.
From the results given above, it follows that the biosynthesis of AMIEF is directed by an altered z gene and regulated by the i gene of the Lac operon. The molecular weight of A1\IEF is either about 495,000 (92 %O of f-D-galactosidase) or is the same as that of f3-D-galactosidase (540,000), and conformational changes in the AMIEF molecule account for the differences found in sedimentation and gel filtration analyses. Since the normal enzyme consists of four monomers, each with a molecular weight of 135,000, it seems probable that AMIEF is also a tetramer. The possibility that AMIEF is a trimer is difficult to reconcile with the sedimentation data.
The native enzymatic activity present in AMIEF preparations prior to treatment with antiserum could not be separated from AMAIEF by any of our purification procedures. However, in contrast to AMA1EF, the native activity was very labile and could be reduced to negligible levels.
With regard to the mechanism underlying the activation by antiserum, one possibility is that it serves to stabilize the native enzymatic activity. However, this hypothesis is ruled out by the results of experiments in which the capacity of a preparation to be activated remained unaffected, whereas the native enzymatic activity was reduced to one thousandth of its original value prior to the addition of antiserum (Fig. 3) .
If the f-D-galactosidase molecule is represented according to the model suggested by electron microscopic studies,'7 AMIEF can be visualized as a molecule that would undergo conformational changes after contact with antiserum, yielding a quadrangular structure similar to the normal enzyme.
The recombination analysis5 of W6101 indicated that its altered site is overlapped by the deletion present in W4680 (Lac39), an i+z-y+ mutant. This deletion has been located in the middle of the z cistron and covers about 36 per cent of the gene.'8 These results indicate that an amino acid substitution is responsible for the properties of A\'iEF, since a chain-terminating mutation near the center of the gene would have given a smaller product'9 than we observed.
The data obtained from the experiments with fluorescein-di-(f-D-galactopyranoside) indicate that the assay with AMEF could be used to measure antibodies at either the cellular or the molecular level. A method capable of measuring approximately 100-200 molecules of antibody has been reported recently.20
Its basis is the fluorogenic assay of f3-D-galactosidase attached to cells containing antibody to the enzyme. Since the limiting factor in that method appears to be the enzymatic activity present in unimmunized controls, the substitution of AMEF for the enzyme should result in greater sensitivity. At a different degree of sensitivity, using the conventional ONPG assay, the linearity of AMEF activation over the span of seven log2 units of antibody concentration makes it simpler than most antigen-binding tests.
Sumnary.-The f3-D-galactosidase activity of a protein (AMEF) extracted from a mutant of E. coli defective in the z gene was increased specifically by anti-f3-D-galactosidase serum to a maximum of 550-fold. The purification and biochemical properties of AMEF are described. Evidence was obtained indicating that measurements of antibody by activation of AMEF can reach ultimate levels of sensitivity.
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